Introduction
Liquid helium, due to its unique properties, provides a nearly ideal flat substrate for the investigation of two-dimensional election systems [lj. The coupling between the charges and excitations of this substrate in general is so weak that often it can be neglected. For some recent measurements, however, like experiments on the microscopic two-dimensional electron crystal [2] and the softening of ripplons [3] the interaction between the Coulomb system and the liquid surface is quite essential. As the most drastic effect thc coupling leads to an electrohydrodynamic instability [4, 5] when the electric field perpendicular to the surface exceeds a critical value EC, and thus limits the maximum attainable electron density on a homogeneously charged 4He surface to n = 2 X 10' cm-'.
The development of the surface instability is a result of the softening of surface waves in the presence of the Coulomb system. The softening is most pronounced for modes with a wave vector g = q , = l / a (wherc n is the capillary length of the liquid) whose frequency vanishes for E + E,. As a: result the surface deforms spontaneously as the critical field is reached, and a wave-like pattern with q = 4, appears, which then breaks up further into a periodic array of macroscopic dimples (see fig. 1 publ. in: Surface Science 113 (1982), 1-3, pp. 405-411 Konstanzer Extending these theories to fields distinctly larger than E,, where the surface deformations b m m e large, would require taking into account terms of still higher order. We have here chosen a different approach, considering the stability of a single macroscopic dimpte. Both the deformation of the surrace and the charge distribution in the dimples were determined by means of a self-consistent numerical calculation [9]. Starting from some fixed inil~al configuration of electrons, a o ( r ) , and an external field E, the local depression z ( r ) of the liquid surface was obtained by minimizing the total energy of the dimple, which consists of contributions from gravity, surface tension, and electrostatic pressure: 
Experiments
The existence of individual dimples was confirmed by measurements in a sample cell consisting of two horizontal capacitor plates (spacing 1.5 cm) and a cylindrical wall (diameter 8 cm). The lower capacitor plate was a gold mirror, the upper was a glass plate covered with a transparent conductive coating which allowed observation of the helium surface From above. Starting with an uncharged 4~e surface and an applied electric field E > E,, a pulse of electrons was generated by momentarily heating a small filament located close to thc circumference of the cell. The emitted electrons were pulled agatnst me surface and then formed a dimple with a charge Q being determined by the emission of the source. Since a negative voltage, applied to the wall of the sample cell, gives rise to cylindrically symmetric potential, the dimple after being generated drifts to the potential minimum at the center of the cell. As more dimples arc added they arrange themselves leading to configurations illustrated in fig. 3 . Upon increasing the number of constituents Further, a hexagonal lattice deveIops gradually which is also observed when the dimple state is produccd from a homogenmus charge distribution by raising the eEectric field hcynad the instability threshold [5] (see also fig. I ).
The deformation of the liquid surface near a dimple can be determined with high resolution by analyzing the interference pattern obtained whcn coherent light reflected f~o m thc top and from the bottom capacitor plate is superimposed. Fig.4 shows an example of such an interference pattern and the corresponding dimple profile. Although the number of electrons in this dimple Once a dimpIe is formed, i h profile varies as the electrical field is raised further: The depth increases, and its width shrinks, so that the whole strucfure becomes sharper (see fig. 5 ). Consequently at higher fields the electrons become more concentrated at the dimple cenler. When the dimple profile is known, the charge density n ( r = 0) at the center can he derived from the condition of equilibrium between gravitational, surface, and etectrostatic pressures: n ( r = O ) . e E = 2 o / R 3-pgh.
Here R i s the radius of surface curvature at the dimple center and k is the depth of the dimple. Experimental results for the dimple profile confirm our conclusion from the numerical calculation that at [he dimple center a n electron density higher than n,, (OF the homogeneously charged surface) can be reached.
The dimples discussed so far always were formed by electrons pulled against the helium surface from above. With a field ionization tip locared below the helium surface, on !he other hand, it is possible to generate positive ions in the bulk liquid, which, when pulled upwards, form a two-dimensional sheet of positive charges just below the helium surface. The electrohydrodynarnic instability and the dimple lattice can be observed under these conditions as well; in particular, the critical field for dimple formation is the same. Both for purely positive and for purely negative dimple lattices the interaction between the dimples is essentialty determined by Coulomb repulsion. How would a system behave with positively and negatively charged dimples being present at the helium surface simultaneously?
Although it is somewhat difficult to stabilize such a system experimentally t10], we have succeeded in producing a "dilute" aggregation of positive and negative dimples for a limited amount of time (a few minutes). Distances between dimples of the same sign in this case were large, but Coulomb attraction Fed to the formation of hound dimple pairs with opposite charge, or "dipoles", as sketch4 in fig. 6 . Such complexes are stable because, in addition to the attractive potential, a repulsive potential due to the surface deformation and the external field exists, which prevents the two oppositely charged dimples from approaching too closely; a recombination of electrons and positive ions thus cannot take place, because, as alrendy shown for individual 
